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Abstract 1 2 Increasing our understanding of how various evolutionary processes drive the genomic 3 landscape of variation is fundamental to a better understanding of the genomic 4 consequences of speciation. However, the genome-wide patterns of within-and 5 between-species variation have not been fully investigated in most forest tree species 6 despite their global ecological and economic importance. Here, we use whole-genome 7 resequencing data from four Populus species spanning the speciation continuum to 8 reconstruct their demographic histories, investigate patterns of diversity and divergence, 9
infer their genealogical relationships and estimate the extent of ancient introgression 1 0 across the genome. Our results show substantial variation in these patterns along the 1 1 genomes although this variation is not randomly distributed but is strongly predicted by 1 2 the local recombination rates and the density of functional elements. This implies that 1 3 the interaction between recurrent selection and intrinsic genomic features has 1 4 dramatically sculpted the genomic landscape over long periods of time. In addition, our 1 5
findings provide evidence that, apart from background selection, recent positive 1 6 selection and long-term balancing selection are also crucial components in shaping 1 7 patterns of genome-wide variation during the speciation process. 1 8 Introduction 2 2 2 3
Determining the evolutionary forces affecting patterns of genome-wide variation has 2 4 been a central goal in evolutionary biology over the past several decades (Seehausen et 2 5 al., 2014) . Furthermore, studying variation in levels of differentiation within and 2 6
between closely related species has the potential to yield important insights into the 2 7 process of speciation (Ravinet et al., 2017; Wolf & Ellegren, 2017) . Studies in a broad 2 8
range of taxonomic groups have revealed a picture of a highly heterogeneous genomic 2 9
landscape with peaks and valleys of diversity and differentiation (Han et al., 2017; 3 0 Nadeau et al., 2012; Stankowski et al., 2019; Turner, Hahn, & Nuzhdin, 2005) . Local 3 1
peaks of elevated divergence are usually referred to as 'speciation islands' and are 3 2 thought to represent regions that drive the reproductive isolation between incipient 3 3 species (Abbott et al., 2013; Wu, 2001) . Between these islands, gene flow acts to 3 4
homogenize the reminder of genome and hence acts to limit differentiation (Feder, 3 5 Egan, & Nosil, 2012; Nosil, Funk, & Ortiz-Barrientos, 2009 ). However, a plethora of 3 6 recent studies highlight that the heterogeneous patterns of differentiation can evolve 3 7
through processes that are unrelated to speciation per se (Burri et al., 2015; Cruickshank 3 8 & Hahn, 2014) . For example, even in the absence of gene flow, natural selection, in the 3 9
form of either a selective sweep or background selection, can cause reduced genetic 4 0 diversity not only at the target sites under selection but also at linked neutral sites (Han 4 1 et al., 2017; Phung, Huber, & Lohmueller, 2016) . Such selection could accelerate 4 2 lineage sorting and will hence inevitably result in increased genetic differentiation 4 3 between species in these regions (Burri, 2017) . Furthermore, the long-term action of 4 4
linked selection in ancestral as opposed to extant lineages can also affect the amount 4 5 Inference of incomplete lineage sorting 3 3 0
Because the speciation events that resulted in aspen species were close in time (see 3 3 1
Results), we expect the lineage sorting process relating these species to be incomplete. 3 3 2
Given the three aspen species and the outgroup poplar species (P. trichocarpa) with the 3 3 3 relationship as (((P. tremula, P. davidiana), P. tremuloides), P. trichocarpa), we labeled 3 where h=(C BAAA(i) +C ABAA(i) +C AABA(i) +2(C BBAA(i) +C BABA(i) +C ABBA(i) )/3 (2) 3 4 5 1 6 3 4 6
Because population samples were used for all species, at each site we used the 3 4 7
frequency of the derived allele in each species to effectively weight each segregating 3 4 8 site according to its fit to the six segregation patterns for the three aspen species 3 4 9
(Durand et al., 2011), with 3 5 0
3 5 1
where ‫‬ ij is the frequency of the derived allele at site i in species j. 3 5 9 3 6 0
The calculation of ILS presents the counts of incomplete lineage sorting pattern 3 6 1 (C ABBA(i) and C BABA(i) ) normalized by the total count of segregating sites (h), which is a 3 6 2 proxy of the species tree topology height (Scally et al., 2012) . We then summarized the 3 6 3
proportion of ILS over non-overlapping 10 Kbp and 100 Kbp windows or in bins with 3 6 4
varying distances from the nearest exon. 3 6 5 3 6 6
Analyses of introgression 3 6 7
We first tested for introgression between the three aspen species using the D-statistic, 3 6 8 also known as the ABBA-BABA tests. These tests evaluate the imbalance frequency of 3 6 9 site patterns (Durand et al., 2011; Green et al., 2010) . Using P. trichocarpa as the 3 7 0 outgroup, we expect equal counts of the two site patterns (ABBA and BABA) when 3 7 1 incomplete lineage sorting causes the site pattern discordance. If discordance is caused 3 7 2 by introgression, one of the site patterns is expected to be more prevalent than the other. 3 7 3
We applied two approaches to perform the D-statistic test. First, we used 3 7 4 -doAbbababa2 implemented in ANGSD v0.917 (Korneliussen et al., 2014) To specifically test for the impact of positive and balancing selection on the genomic 3 9 0 landscape during speciation of aspens, we first used a composite likelihood ratio (CLR) 3 9 1 statistic implemented in SweepFinder2 (DeGiorgio, Huber, Hubisz, Hellmann, & 3 9 2 Nielsen, 2016) to detect regions subject to recent positive selection or selective sweeps 3 9 3
in each of the three aspen species. The ancestral allelic state was defined by assuming 3 9 4
that the alleles that were the same as those found in the P. trichocarpa reference 3 9 5 genome was the ancestral alleles. By contrasting the likelihood of the null hypothesis, 3 9 6
based on the unfolded site frequency spectrum (SFS) calculated across the genome 3 9 7
using -f option, with the likelihood of a model where the SFS has been altered by a 3 9 8 recent positive selection event, the CLR statistics was calculated in non-overlapping 3 9 9
windows of 10 Kbp. Within each species, windows with CLR values higher than the 4 0 0 99 th percentile of its distribution were identified as candidate region under selection. 4 0 1
Moreover, we identified regions under long-term balancing selection by estimating 4 0 2 the summary statistics, β (beta score), which detects the clusters of variants with an 4 0 3 excess number of intermediate frequency polymorphisms (Siewert & Voight, 2017) . 4 0 4
Given that the signals of long-term balancing selection usually is localized to a narrow 4 0 5
genomic region (Gao, Przeworski, & Sella, 2015), we used 1 Kbp windows to calculate 4 0 6 β values for each core SNPs in the three aspen species. We used the unfolded version of 4 0 7 β , with the ancestral and derived allelic states inferred based on comparisons with the 4 0 8 outgroup species P. trichocarpa. To prevent false positives, we filtered out SNPs with a 4 0 9
folded frequency lower than 20%, and defined the SNPs with extreme β scores in the 4 1 0 top 1% as significant. Furthermore, only SNPs that are significant in all three species 4 1 1 were considered as putative targets of long-term balancing selection. Finally, we binned 4 1 2 significant SNPs into 10 Kbp windows for downstream comparisons. 4 1 3
Lastly, to assess the effects of positive and balancing selection on the genomic 4 1 4
architecture of speciation, we compared outlier windows that were identified as being 4 1 5
under positive or balancing selection with the remaining genomic regions using a 4 1 6 variety of population genetic statistics, including genetic diversity, divergence, lineage 4 1 7
sorting and introgression within and between the three closely related aspen species. 4 1 8
Differences between outlier windows and the genome-wide averages for all these 4 1 9
statistics were tested using Wilcoxon ranked-sum tests. To further examine whether any 4 2 0 The genome alignment resulted in an average depth of 24.6× across all individuals 4 2 9
after quality control (Table S1 ). The PCA results revealed a clear distinction among the 4 3 0
four Populus species ( Figure S4 ). Based on the Tracy-Widom test, only the first three 4 3 1 components were significant (Table S2 ). relationships of the four species were also confirmed by the phylogenetic tree 4 3 7
constructed based on the entire chloroplast genomes ( Figure 1B ). Moreover, we 4 3 8 measured the number and length of shared IBD haplotypes within and between species 4 3 9
( Figure S5 , S6; Table S3 , S4). Compared to between-species comparisons, we found 4 4 0 much more extensively shared IBD haplotypes for within-species comparisons ( Figure  4 4 1 S5), although haplotypes shared within P. tremuloides were shorter than the other three 4 4 2 species ( Figure S6A ; Table S4 ). This is likely owing to the higher recombination rate 4 4 3
and more rapid decay of linkage disequilibrium (LD) in P. tremuloides than other 4 4 4
species (Wang et al., 2016a) . For the between-species comparisons, we did no observe 4 4 5 2 0
any haplotype sharing between the three aspen species and P. trichocarpa, confirming 4 4 6
the distant relationship between aspens and poplars in the genus Populus ( Figure S5 , 4 4 7 Table S3 ). Within aspens, P. tremula and P. davidiana shared more and longer 4 4 8
haplotypes than either of them shared with P. tremuloides ( Figure S5 , S6B; Table S3 , 4 4 9
S4), which also supports a closer relationship between these two species, as identified in 4 5 0 the chloroplast phylogeny. 4 5 1
To investigate the demographic and speciation histories of the four Populus species, 4 5 2
we first used MSMC to examine historical fluctuations in the effective population size 4 5 3
(N e ) for each species. The results showed that all species experienced a period of 4 5 4
population decline during the early Pleistocene cooling (2.5-0.9 million years ago, Mya) 4 5 5
( Figure 1C ). Compared with the three aspen species, P. trichocarpa experienced a more 4 5 6
dramatic population decline during this period ( Figure 1C , Figure S7 ), which likely 4 5 7
explain the much lower genetic diversity observed in this species relative to others 4 5 8
( Asian species, P. davidiana, showed pattern of population decline during the entire 4 6 3 period ( Figure 1C , Figure S7 ). Our results therefore revealed that before the LGM, 4 LGM, all four species experienced a population decline followed by a subsequent rapid 4 6 7 population expansion ( Figure 1C ). 4 6 8
Because of the distant phylogenetic relationship and low levels of shared 4 6 9 polymorphism between P. trichocarpa and the three aspen species (Wang et al., 2016a), 4 7 0 2 1 we therefore explicitly focused on inferring the demographic parameters of the 4 7 1 speciation history for the three aspens. After evaluating a total of twenty-nine models 4 7 2 ( Figure S8) , the best-supported model ( Figure S8 ; European lineage (P. tremula) and the East-Asian lineage (P. davidiana) diverged ~1.7 4 7 8
Mya (BP: 1.5-2.1 Mya) ( Figure 1D , Table S7 ). Our results detected low levels of 4 7 9
ancient gene flow between P. tremula and P. davidiana, and between P. tremula and P. 4 8 0
tremuloides following speciation until around 847 Kya (BP: 539Kya-1.0 Mya) ( Figure  4 8 1 1D). After this period the species have remained isolated which is also reflected by their 4 8 2 current disjunct geographic distributions ( Figure 1A) . Compared to the Eurasian lineage 4 8 3 of aspens, P. tremuloides has experienced a notable population expansion in the recent 4 8 4
past (~772 Kya, BP: 440-887 Kya), which is consistent with its genome-wide excess of 4 8 5 rare alleles ( Figure S2 ). 4 8 6 4 8 7
General patterns of genome-wide diversity and differentiation 4 8 8
We further characterized genome-wide patterns of nucleotide diversity (π), 4 8 9
population recombination rate (ρ) and divergence (F ST and d xy ) for the four Populus 4 9 0 species (Figure 2A ; Table S5 , Table S8 -S10). At the species level, π varied markedly 4 9 1 between species, ranging from 0.0063 in P. trichocarpa to 0.0148 in P. tremuloides, but 4 9 2 the average genomic diversity was very similar across the three aspen species ( Table  4 9 3 S5). In contrast to the patterns observed for π, the population-scaled recombination rate, 4 9 4 ρ, was much higher in P. tremuloides (0.0273 bp -1 ) than in the other three species 4 9 5 (0.0096 bp -1 -0.0139 bp -1 ) (Table S8 ). Variation in genetic divergence (F ST and d xy ) 4 9 6
among the six species pairs reveals the continuous nature of differentiation along the 4 9 7 speciation continuum, with P. tremula and P. davidiana showing the lowest levels of 4 9 8
divergence and with the highest divergence observed between aspens and P. 4 9 9
trichocarpa (Figure 2A , Table S9 , S10). Figure 2B , Table S11 ). We found little evidence for an 5 0 4 association between either π or ρ and the local mutation rate (μ, approximated by the 5 0 5
four-fold synonymous substitution rate) ( Figure 2B , Table S11 ). Hence, the broad-scale 5 0 6
variation in genetic diversity is conserved across the diverging lineages, which likely 5 0 7
arise from a common genomic architecture where linked selection has played a major 5 0 8
role in shaping local genomic diversity (Burri, 2017) . This is further highlighted by the 5 0 9
conserved landscape of recombination rate variation across the genomes of the species 5 1 0 and the strong degree of genome synteny that we observed between the genomes of 5 1 1 aspens and poplars (Lin et al., 2018) . Second, we found that the differentiation 5 1 2 landscapes were highly correlated among all species pairs both for the relative (F ST ) and 5 1 3
the absolute (d xy ) measures of genetic differentiation ( Figure 2B , Figure S9 , Table S11 ). 5 1 4
The highly similar landscape of differentiation among different species pairs could 5 1 5
imply phylogenetically conserved genomic features, e.g. conserved landscapes of 5 1 6
functional densities and recombination (Burri, 2017; Vijay et al., 2017) . Moreover, 5 1 7 significantly negative correlations between F ST and π were found in all pairwise 5 1 8
comparisons ( Figure 2B, Figure S9 , Table S11 ), which is in line with the observation 5 1 9
that F ST is sensitive to intra-specific nucleotide diversity (Charlesworth, 1998) . In 5 2 0 contrast, only weak correlations were observed between d xy and π. Because d xy largely 5 2 1 reflects diversity in a common ancestor (Cruickshank & Hahn, 2014), a weak 5 2 2 correlation between d xy and π implies that ancestral diversity might have little impact on 5 2 3 extant diversity in the different Populus species. In addition to extant diversity, d xy was 5 2 4
only weakly correlated with F ST across all comparisons ( Figure 3B , Figure S9 , Table  5 2 5 S11), which further implies that ancestral polymorphisms have had limited contribution 5 2 6
to the genomic divergence of extant species (Cruickshank & Hahn, 2014) . 5 2 7 5 2 8
Topology weighting reveals phylogenetic discordance and ancient introgression 5
2 9 between P. tremula and P. tremuloides 5 3 0
Even if the analyses of current population structure and genomic divergence support a 5 3 1 clear species relationship for the four Populus species, (((P. tremula, P. davidiana), P. 5 3 2 tremuloides), P. trichocarpa), we used a topology weighting approach to explore to 5 3 3
what degree the 'species tree' was congruent across the entire genome. Using P. 5 3 4
trichocarpa as an outgroup, our results reveal widespread incongruence in local 5 3 5 genealogies in either 10 Kbp or 100 Kbp non-overlapping windows across the genome 5 3 6 ( Figure 3, Figure S10 ). The most prevalent topology, ((P. tremula, P. davidiana), P. 5 3 7 tremuloides), which reflects the likely 'species topology', has an average weighting of 5 3 8
54.7% and 76.5% across the genome in 10 Kbp and 100 Kbp windows, respectively. Of 5 3 9
the other two topologies, the ((P. tremula, P. tremuloides), P. davidiana) topology was 5 4 0 much more common (27.0% and 17.6% for 10 Kbp and 100 Kbp windows) compared 5 4 1
to ((P. davidiana, P. tremuloides), P. tremula) (18.3% and 5.9% for 10 Kbp and 100 5 4 2
Kbp windows) ( Figure 3 , Table S12 ). In general, we observed that larger windows (100 5 4 3
Kbp) produced higher rates of monophyly (windows with a weighting of 1) and a 5 4 4 greater fraction of resolved trees compared to the smaller windows (10 Kbp) ( Figure  5 4 5 S10, Table S13 ).
4 6
Interestingly, in contrast to all other chromosomes where all three topologies were 5 4 7
observed, chromosome 19, which is known to harbor the sex determination region in 5 4 8
Populus (Yin et al., 2008) , showed only a single monophyletic grouping of the 'species 5 4 9 topology' (Figure 3) . Such a pattern is consistent with the expectation that lineage 5 5 0
sorting is faster on sex chromosomes compared to autosomes because of its smaller 5 5 1 effective population size (Meisel & Connallon, 2013; Vicoso & Charlesworth, 2006) . 5 5 2
Overall, both incomplete lineage sorting (ILS) and introgression can result in 5 5 3 discordance between the local topology and the species tree for recently diverged 5 5 4 species. Given that ILS is expected to generate equal frequencies of the alternative 5 5 5
topologies (Durand et al., 2011; Mailund et al., 2014) , the more frequent topology of 5 5 6 ((P. tremula, P. tremuloides), P. davidiana) is likely explained by the occurrence of 5 5 7 introgression between P. tremula and P. tremuloides. We therefore compared the 5 5 8
distribution of the branch lengths separating each pair of aspen species among all 5 5 9 topology types. Compared to the expectation that species with recent introgression tend 5 6 0 to be separated by short branches (Fontaine et al., 2015;  Martin & Van Belleghem, 5 6 1 2017), the branch distances between P. tremula and P. tremuloides were not obviously 5 6 2 different from other species-pairs across topology comparisons ( Figure S11 ). This 5 6 3
pattern is most likely caused by ancient hybridization between these two species where 5 6 4 genetic drift has eradicated most signatures of gene flow after an ancient introgression 5 6 5 event (Schumer, Cui, Powell, Rosenthal, & Andolfatto, 2016) . 5 6 6
To further investigate patterns of ancient introgression between P. tremula and P. 5 6 7
tremuloides, we calculated two statistics associated with the ABBA-BABA test across 5 6 8
the genome. The D-statistic is used to test for ancient gene flow by comparing the 5 6 9
imbalance of ABBAs and BABAs, and the f d -statistic is used to estimate the fraction of 5 7 0 the genome shared through ancient introgression. For the D-statistics, we also 5 7 1
implemented two different approaches, which differed in whether the called genotypes 5 7 2 was relied or not. We find that the estimates of the two approaches are highly correlated 5 7 3
with each other (Figure S12 ), suggesting that this statistic is robust to identify 5 7 4
introgression regardless of which type of data is used. Genome-wide estimates of the 5 7 5
D-statistic and f-statistic showed a general pattern of positive values over 10 Kbp and 5 7 6
100 Kbp non-overlapping windows (Table S14), confirming that P. tremuloides has a 5 7 7
closer genetic relationship with P. tremula than with P. davidiana. Thus, the significant 5 7 8 asymmetry in genetic relationship together with the excess of shared sequence 5 7 9 polymorphism between P. tremula and P. tremuloides ( Figure S13 ) all provide evidence 5 8 0
for historical gene flow between the currently allopatric Eurasian and North American 5 8 1 aspen species. 5 8 2 5 8 3
Long-term effects of selection in shaping patterns of diversity, divergence, 5 8 4 incomplete lineage sorting (ILS) and levels of introgression in Populus species 5 8 5
To evaluate the impact of natural selection on genetic diversity, divergence, ILS and 5 8 6
gene flow in the context of speciation, we examined the correlations between these 5 8 7
genetic parameters and factors affecting the extent and efficiency of selection. First, 5 8 8
regions with a high density of potential targets for selection are expected to experience 5 8 9
stronger linked selection simply because selection occurs more often in such regions 5 9 0
(Al- Shahrour et al., 2010; Flowers et al., 2011) . We therefore examined the relationship 5 9 1 between intraspecific diversity, species divergence and the density of functional 5 9 2 elements, defined as the proportion of protein-coding sites within a 10 Kbp or 100 Kbp 5 9 3 window (coding density). We hypothesized that if selection contributes to the reduction 5 9 4 of diversity at linked neutral sites, its effect is expected to be more pronounced in 5 9 5
regions with greater content of functional elements (Ravinet et al., 2017) . Consistent  5  9  6 with this prediction, we observed a significantly negative relationship between π and 5 9 7
functional content ( Figure 4A ). This correlation was robust to the presence of 5 9 8
confounding factors such as GC content, recombination rate and the choice of window 5 9 9
size (Table S15 ). 6 0 0
Moreover, if natural selection was acting on the ancestral polymorphisms prior to 6 0 1 the divergence of the two descendant lineages, it could also have an effect on the 6 0 2 genetic divergence between species (Munch et al., 2016; Scally et al., 2012) . We 6 0 3 therefore examined the relationship between interspecies divergence (both F ST and d xy ) 6 0 4 and coding density, and observed negative relationships for both F ST and d xy ( Figure  6 0 5 4B, C), especially between species with longer divergence times (e.g. aspens and P. 6 0 6 trichocarpa) (Table S17 , Table S19 ). Indeed, if a region experiences natural selection 6 0 7
during divergence, it should show lower π within species and higher F ST between 6 0 8 species because F ST is sensitive to intra-specific genetic variation (Cruickshank & 6 0 9
Hahn, 2014). Accordingly, a positive correlation between coding density and F ST is 6 1 0
predicted. The opposite pattern we observe here indicates that long-term natural 6 1 1 selection, most likely due to background selection in functional regions, has 6 1 2 continuously contributed to the reduced ancestral polymorphism and genetic divergence 6 1 3
in regions with greater functional content (Phung et al., 2016) . In fact, because of the 6 1 4
accumulation of the large amount of new mutations since speciation, ancestral 6 1 5 polymorphism may only account for a small amount of the overall average divergence 6 1 6
between distantly related species (Edwards & Beerli, 2000) . However, the variance of 6 1 7
ancestral polymorphism, largely affected by natural selection in ancestral populations, 6 1 8
can on the other hand make a substantial contribution to the variability of genome-wide 6 1 9 0
average weightings of the 'species topology' (Topo2) and lower levels of ILS compared 7 0 1
to genomic background ( Figure 5C,D) . The ancestral admixture proportion (f d ) between 7 0 2 P. tremula and P. tremuloides is also significantly reduced in the outlier windows 7 0 3
( Figure 5D ), suggesting that strong selection in these regions may have contributed to 7 0 4 the reproductive barriers isolating closely related species (Martin et al., 2019) . 7 0 5
To further study how long-term balancing selection may have driven the evolution 7 0 6 of the genomic landscape during speciation, we used a summary statistics, β (beta score), 7 0 7
to search for signals of balancing selection across the genome for each aspen species 7 0 8 (Siewert & Voight, 2017). As we did for positive selection, we only consider variants 7 0 9 with β scores falling in the top 1% as candidate variants. Furthermore, variants 7 1 0 simultaneously detected in all three species are considered as potential targets of 7 1 1 long-term balancing selection. With this criteria we identified a total of 519 variants 7 1 2 putatively under long-term balancing selection across the three aspen species ( Figure  7 1 3 6A,B). These variants were unevenly distributed in the genome, and to make them 7 1 4 comparable to our previous analyses we clustered them into 32 regions of 10 Kbp 7 1 5 windows ( Figure 6A ). We found significantly higher nucleotide diversity, higher 7 1 6 recombination rates, lower F ST , and higher d xy in the regions under balancing selection 7 1 7
compared to the genomic background ( Figure 6C ). Moreover, we found lower 7 1 8
weightings of the 'species topology', higher ILS, and lower f d in the candidate balancing 7 1 9 selection regions although the results were not significant, likely due to the small 7 2 0 number of windows showing evidence for balancing selection (Figure 6C ,D). We 7 2 1 therefore infer that long-term balancing selection may not only influence the genomic 7 2 2 landscape of diversity and divergence but may also play a role in shaping the 7 2 3 genealogical relationship and barriers to introgression among closely related species 7 2 4 (Charlesworth, 2006; Wang et al., 2019) . 7 2 5
Finally, to assess whether there were any specific biological functions that were 7 2 6 significantly over-represented on genes located in regions identified as undergoing 7 2 7 either positive (506 genes) or long-term balancing selection (32 genes), we performed 7 2 8 gene ontology (GO) enrichment analysis. We did not detect over-representation for any 7 2 9 functional category among the candidate genes under long-term balancing selection. In 7 3 0 contrast, we identified 31 significantly enriched GO categories (Fisher's exact test, 7 3 1 P<0.01) for genes under positive selection (Table S23 ). These GO clusters were 7 3 2 primarily associated with metabolic processes (DNA, nucleic acid, cellular and P. tremuloides). We also investigated the evolutionary forces that have shaped 7 5 0 genome-wide patterns of variations within and between species. Our results have found 7 5 1 substantial variation in genetic diversity, divergence, species relationships and the 7 5 2 extent of introgression along the genome. Variation in these patterns is predictable and 7 5 3 can be largely explained by genome-wide variation in the strength and extent of both 7 5 4 recent and ancient selection, which depends on the recombination rate and the local 7 5 5 density of functional sites. Our findings therefore provide evidence of how recurrent 7 5 6 selection interacts with genomic features to shape the genomic landscape during species 7 5 7
divergence. We further demonstrate that not only background selection, positive and 7 5 8 long-term balancing selection also play crucial roles in shaping genomic variation and 7 5 9
phylogenetic relationship among the recently diverged aspen species. Overall, this study 7 6 0 highlights the striking impacts of natural selection in shaping within-and between-7 6 1 species genomic variation through speciation. , & Galtier, N. (2016) . Determinants of genetic diversity. Nature Reviews 8 4 9
Genetics, 17(7), 422. 
